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Reproducibility/Replicability crisis in science
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Reproducibility/Replicability in Science

Begley CG, Ellis LM. Raise standards for preclinical cancer research. Nature. 2012 Mar;483(7391):531-3 3

- Clinical trials in oncology have the highest failure rate compared with 

other therapeutic areas;

- The quality of published preclinical data plays a central role as drug 

development relies heavily on the literature, especially with regards to 

new targets and biology;

- Scientists at Amgen tried to replicate 53 landmark preclinical studies; 

- Only 11% (6) out of 53 studies were replicated.



Reproducibility vs Replicability

Patil P, Peng RD, Leek JT. A visual tool for defining reproducibility and replicability. Nature human behaviour. 2019 Jul;3(7):650-2. 4

- When comparing two studies, possible sources of differences are:



Reporting

5

Kilkenny C, Parsons N, Kadyszewski E, Festing MF, Cuthill IC, Fry D, Hutton J, Altman DG. Survey of the quality of experimental design, statistical analysis and reporting of research using animals. PloS

one. 2009 Nov 30;4(11):e7824.

- Kilkenny and colleagues reviewed 271 preclinical studies;

• Only 59% stated the hypothesis or objective of the study and the number and 

characteristics of the animal used in the experiments;

• 87% did not use randomization, 86% did not use blinding in their experiments;

• Only 70% used statistical methods described in their methods and presented 

results with a measure of error such as standard deviation.



Reporting
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Kilkenny C, Browne WJ, Cuthill IC, Emerson M, Altman DG. Improving bioscience research reporting: the ARRIVE guidelines for reporting animal research. Journal of Pharmacology and 

Pharmacotherapeutics. 2010 Dec;1(2):94-9.

- ARRIVE (Animal Research: Reporting of In Vivo Experiments) guidelines were proposed in 2010;

- ARRIVE has 17 set of items that can be divided under sections of a paper:

- Introduction: Title, Abstract, Objectives, Ethical Statement;

- Method: Study Design, Experimental Procedures, Experimental Animals, House and Husbandry, Sample Size, allocating Animals, 

Experimental Outcomes, Statistical Methods;

- Results: Baseline Data, Outcomes and Estimation, Adverse Events

- Discussion: Funding



Reporting

Avey MT, Moher D, Sullivan KJ, Fergusson D, Griffin G, Grimshaw JM, Hutton B, Lalu MM, Macleod M, Marshall J, Mei SH. The devil is in the details: incomplete reporting in preclinical 

animal research. PloS one. 2016 Nov 17;11(11):e0166733
7

- After 6 years that ARRIVE guidelines were proposed, Avey et al. reviewed 47 

preclinical studies;

• Adequate reporting of items from the Methods Section ranged from 9% 

(allocating animals to experimental groups, housing and husbandry) to 65% 

(experimental procedures);

• Adequate reporting of items from the Results Section ranged from 0% 

(adverse events) to 71% (outcomes and estimation).



Reproducibility/Replicability in Science

Errington TM, Denis A, Perfito N, Iorns E, Nosek BA. Reproducibility in cancer biology: challenges for assessing replicability in preclinical cancer biology. Elife. 2021 Dec 7;10:e67995. 8

- Errington et al.  tried to replicate 193 experiments from 53 high-

impact papers as part of the project Reproducibility Project: 

Cancer Biology | Collections | eLife (elifesciences.org);

https://elifesciences.org/collections/9b1e83d1/reproducibility-project-cancer-biology


Reproducibility/Replicability in Science

Errington TM, Denis A, Perfito N, Iorns E, Nosek BA. Reproducibility in cancer biology: challenges for assessing replicability in preclinical cancer biology. Elife. 2021 Dec 7;10:e67995. 9

- Errington et al. initiated 87 experiments from 29 papers, but only 

completed 50 of them from 18 papers.



Reporting

Du Sert NP, Ahluwalia A, Alam S, Avey MT, Baker M, Browne WJ, Clark A, Cuthill IC, Dirnagl U, Emerson M, Garner P. Reporting animal research: Explanation and elaboration for the ARRIVE 

guidelines 2.0. PLoS biology. 2020 Jul 14;18(7):e3000411.
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What have I learned from interacting with 
preclinical scientists working on research in 
stroke?
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Reproducibility/Replicability in Stroke research

Schmidt‐Pogoda A, Bonberg N, Koecke MH, Strecker JK, Wellmann J, Bruckmann NM, Beuker C, Schäbitz WR, Meuth SG, Wiendl H, Minnerup H. Why most acute stroke studies are 

positive in animals but not in patients: a systematic comparison of preclinical, early phase, and phase 3 clinical trials of neuroprotective agents. Annals of neurology. 2020 Jan;87(1):40-51.
12

- The US National Institute of Neurological Disorders 

and Stroke convened major stakeholders in June 

2012 to discuss how to improve the methodological 

reporting of animal studies in grant applications and 

publications.



Reproducibility/Replicability in Stroke research

Schmidt‐Pogoda A, Bonberg N, Koecke MH, Strecker JK, Wellmann J, Bruckmann NM, Beuker C, Schäbitz WR, Meuth SG, Wiendl H, Minnerup H. Why most acute stroke studies are 

positive in animals but not in patients: a systematic comparison of preclinical, early phase, and phase 3 clinical trials of neuroprotective agents. Annals of neurology. 2020 Jan;87(1):40-51.
13

- Pivotal study design differences between experimental 

studies and clinical trials, including different primary end 

points and time to treatment, publication bias, neglected 

quality criteria and low power, contribute to the stepwise 

efficacy decline of stroke treatments from experimental 

studies to phase 3 clinical trials. 



The Stroke Preclinical Assessment Network

Lyden PD, Diniz MA, Bosetti F, Lamb J, Nagarkatti KA, Rogatko A, Kim S, Cabeen RP, Koenig JI, Akhter K, Arbab AS. A multi-laboratory preclinical trial in rodents to assess treatment candidates 

for acute ischemic stroke. Science translational medicine. 2023 Sep 20;15(714):eadg8656.
14

- Six interventions were selected to be tested in a multi-

laboratory pre-clinical trial;

- Six independent research laboratories performed a 

standard focal cerebral ischemic insult in animals divided 

in five animal models: young mice, young rats, aging 

mice, mice with diet-induced obesity, and spontaneously 

hypertensive rats;

- Equal numbers of males and females;

- 2645 animals were enrolled throughout four stages with 

one drug selected at the end of the trial.



The Stroke Preclinical Assessment Network

Good practices:

• Blinding;

• Randomization;

• Allocation concealment

• Stratification by sex;

• Introduction of controlled variability;

• Adaptive sample sizes;

• Reporting followed ARRIVE 2.0 guidelines.
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Opportunities of improvement:

• Several drugs might have failed due lack of 

adequate dose-response studies;

• Protocol should be pre-registered;

• High rate of missing data for aging animals.



Good practices that could be 
implemented in cancer research
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Randomization and Blinding

Hirst JA, Howick J, Aronson JK, Roberts N, Perera R, Koshiaris C, Heneghan C. The need for randomization in animal trials: an overview of systematic reviews. PloS one. 2014 Jun 6;9(6):e98856
17



Stratification by sex

https://orwh.od.nih.gov/sex-gender/nih-policy-sex-biological-variable 18

- In 2016, the National Institutes of Health (NIH) implemented a policy requiring investigators to consider 

sex as a biological variable;

- NIH policy was a consequence of a series of reports calling for the inclusion of females in research and 

describing the limitations of sex-biased studies starting in the 1990s until early 2000s.

- The policy aimed to ensure equal representation of males and females in vertebrate research studies;

- It does not require investigators to power studies in order to determine sex differences nor does it ask 

investigators to analyze data by sex.



Stratification by sex

Beery, A.K. and Zucker, I., 2011. Sex bias in neuroscience and biomedical research. Neuroscience & Biobehavioral Reviews, 35(3), pp.565-572.

Woitowich NC, Beery A, Woodruff T. Meta-research: a 10-year follow-up study of sex inclusion in the biological sciences. Elife. 2020 Jun 9;9:e56344. 19

- In 2011, Beery and Zucker conducted a systematic review to quantify 

the extension of sex-bias across several research areas. Out of 841, 

only 28% (n = 232) articles had inclusion of both sexes such that 50% 

(n = 131) of them presented analysis by sex.

- Woitowich et al. (2020) did a follow-up study including 720 

articles  from 9 research areas (including PloS Biology, 

Science, Nature among others).

- There was a large increase of sex-inclusive studies from 

28% to 63%. 

- However, there is no improvement on analyses by sex from 

50% to 42%.



Stratification by sex

Garcia-Sifuentes Y, Maney DL. Reporting and misreporting of sex differences in the biological sciences. Elife. 2021 Nov 2;10:e70817. 20

- Garcia-Sifuentes and Maney (2021) evaluated 147 articles that had 

analyzed sex as a confounding variable, stratification and interaction 

among selected papers from Woitowich et al. (2020);

- Among those 147 articles, 92 (62%) planned an equal number of 

females and males in their studies;

- Among those 92 articles, 61 (67%) claimed sex differences but 40 

(65%) did not test the interaction effect.

- Among those 40 articles, 

- 24 (60%) based their conclusions on the stratified analysis; 

- 12 (30%) based their conclusions on the comparisons between sex 

within a treatment arm;



Introduction of controlled variability

Voelkl B, Vogt L, Sena ES, Würbel H. Reproducibility of preclinical animal research improves with heterogeneity of study samples. PLoS biology. 2018 Feb 22;16(2):e2003693 21

- Although genetic and environment standardizations are considered 

gold standard yielding more homogeneous populations, such good 

practices might generate results that are too specific to standardized 

study conditions which leads to poor replicability/reproducibility;

- A simulation study was performed using data of 50 independent studies 

for stroke on the effect of therapeutic hypothermia on infarct volume in 

rodent models of stroke available on the Collaborative Approach to 

Meta-Analysis and Review of Animal Data from Experimental Studies 

(CAMARADES);

- Multi-laboratory studies and potentially other ways of creating more 

heterogeneous study samples provide an effective means of improving 

the reproducibility of study results.



Introduction of controlled variability

Richter SH. Systematic heterogenization for better reproducibility in animal experimentation. Lab animal. 2017 Sep;46(9):343-9 22

- Variability can be introduced in single laboratory studies with more than one mouse model/strain and mini-batches of 

experiments.



Adaptive Sample Size

Neumann K, Grittner U, Piper SK, Rex A, Florez-Vargas O, Karystianis G, Schneider A, Wellwood I, Siegerink B, Ioannidis JP, Kimmelman J. Increasing efficiency of preclinical research by 

group sequential designs. PLoS biology. 2017 Mar 10;15(3):
23

- Group sizes in preclinical research are seldom informed by statistical 

power considerations but rather are chosen on practicability;

- Group sequential designs can offer higher efficiency than traditional 

methods and are increasingly used in clinical trials including futility or 

efficacy stopping rules.

- Sequential designs can lead to a substantial reduction in number of 

animals for some experiments allowing increased sample sizes to more 

promising experiments.



Adaptive Sample Size

24

- The approach of sequentially collecting data, one measurement at a time, and stop when we have sufficient 

measurements, e.g. when the p-value drops below 0.05 seems very appealing when minimizing sample size is desired;

Weber F, Hoang Do JP, Chung S, Beier KT, Bikov M, Saffari Doost M, Dan Y. Regulation of REM and non-REM sleep by periaqueductal GABAergic neurons. Nature communications. 2018 

Jan 24;9(1):1-3



Adaptive Sample Size

Albers C. The problem with unadjusted multiple and sequential statistical testing. Nature Communications. 2019 Apr 23;10(1):1921. 25

- Without adequate statistical methods, sequential testing 

increases the false positive rate;

- In various anonymous large-scale surveys, large 

numbers of researchers, active in various fields of 

research, have admitted to following this strategy at least 

once. Some of the findings include 36.9% of ecologists 

and 50.7% of evolutionary biologists.



Opportunities of Interaction

- Design of experiments

• Strategies for randomization and blinding;

• Strategies to introduce controlled variability in experiments;

• Designs with adaptive sample size;

• Power considerations.

- Data analyses for in-vitro and in-vivo studies

• Statistical rigor to conduct test of pre-established hypotheses;

• Strategies to deal with missing data due animal death;

• Code for analysis available to share with publications;

• Reporting according to ARRIVE guidelines.
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Biostatistics and Clinical Informatics Core at
Tisch Cancer Institute
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Biostatistics and Clinical Informatics Core

Aims of the Biostatistics team in Tisch Cancer Institute are to:

- Establish a scientific and administrative structure that supports investigators from a broad background and 

creates a collegial environment;

- Provide high-quality consultation in research design and biostatistical analysis;

- Train laboratory and clinical investigators in the quantitative aspects of research;

- Support development of innovative statistical methods and promote application of novel analytical methods to 

collaborative projects.

https://labs.icahn.mssm.edu/tcibci/ 28



Biostatistics and Clinical Informatics Core

29https://labs.icahn.mssm.edu/tcibci/



Biostatistics Team
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